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CQMn^ETE SPECIFICATION 

Process for Ptarifymg Phenols^ 



We, Universal Oil Products Company, 
a ootpoiation organized under die lam of the 
State of Delaware^ United States of Amaka^ 
of Na 30 Algonqmn Road, Des Plaines, 
niinds, United States of Amoica, do hexcby 
declare the inYention» for ^^lidi we pmy dut 
a. Platent may be granted to us> and toe votdi 
by which it is to be perfomaed, to be parti- 
cularly described in and by the following 
Statement: — 

This mvention relates to die purificadon of 
a phenol produced by the add-catalyzed 
deavage of the hydroperoxide resulting from 
the oxidation of a secondly aSkyl aromatic 
hydrocarbon, and particularly to the purifica- 
tion of phenol produced by add cleavage of the 
hydroperoxide resulting from the oxidation of 



iittit 



lene. 



Phenol is prepared by the partial oxidation 
of cumenc to cumoie hydro-peroxide followed 
by add catalyzed deavage of the hydro- 
peroxide to form a cleavage reaction mixtme 
containing phenol, acetone and unreacted 
cumene. The cleavage reaction mixture is 
neutralized and thereafter firactionated to 
separate the phenol product from the hig^ 
and lower boiling constituents of the deavage 
reaction mixture. Even widi an efficient frac- 
tionation column the phenol fraction omtains 
small but detrimental amounts of impurities 
formed during the oxidation, deavage, and 
phenol separation sequence. The impurities 
remaining in the phenol fraction comprise car- 
bonyl compounds induding diaoetone alcohol, 
hydroxy acetone, acetone trimers and prin* 
dpally the acetone condensation product 
mesityl oxide which is practically in- 
separable _frraa_ihe phenol by simple 




distillation methods. ' The caxbooyl com- 
pounds art detrimental m even snmll 
amounts, becanse they have color-foim- 
iag Tendendfs wtadi xoider die phenol pro- 
duct nnarcrptable for many commercial appli- 
cations. 

It is an object of tins invention to substan- 
tially elmunate die.imporities ccanprismg car- 
bonyl compounds from a phenol fraction 
covered fmn a reaction mixture resulting 
the add deavage of the hydroperoxide result- 
ing from the oxidation d a secondary all^l 
aromatic hydrocarbon, particularly cumene. . 

The production of phenol by the partial 
oxidation of aTrnene lb cumene hydroperoxide 
and subsequent add cleavage of the hydro- 
peroxide to phenol and acetone is vreU Imown 
to the art. The process hsa been applied to 
the production of phenols in general wherein 
a secondary tilkyl aromatic hydrocaibon cor- 
responding to the desired phenol is oxidized 
to the hydroperoxide whidi is subsequent^ 
deaved to foim die desired j^ienol and an 
alipl^tic toone. While die present description 
is. prindpally widi reference to the purification 
of die phenol fraction recovered from a re- 
action mixture resulting from the add deavage 
of the hydro-peroxide resulting from the 
oxidation of cumene;, the process may also be 
utilized to eliminate impurities oanprising car- 
bonyl ccHopounds from a phenol fraction 
recovered from a reaction mixture resulting 
frtnn the add cleavage of die hyd r ope ro xide 
oxidation product of a secondaxy allcyl aroma** 
tic hydnxaibon, for example, o - isopropyl- 
toluene, m - isopropyltolnene, p - isopropyl- 
tohioie;, p - diisopropylbenzaie, see - butyl- 
benzene and^ iso^riqp^j^mqphdialene. 
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The present invenrion 
for the purification of a i^aiol which has 
been prepared by the steps of partial omda- 
rian of a secondary alkyl annnaDc hydrocar- 
5 bon to form an alpha hydropcrory damtiye 
thereof, add - catalyzed cleavage of said den- 
vativc to form a phenol and an ahphatic 
ketone, neutralization of the dcavage reamm 
miztui^ and sqaiatian from riie n nitrHl iWid 
10 reacrion mixture of a fraction ccmtammg^ 
phenol and impurities omipnsmg carbony! 
Smounds, characterized in diat at tost a 
portion of said impurities comprising ca^^y} 
compounds are separated from the phenol 
15 fracdon by admixing H^O wirii die fracGOT, 
amtacting the rcsuhant mixture at a ttmp«a- 
turc m die range of ftom 150 » 250° C mOx 
parrides of a catalytic onnposition con s i ffl ng 
^ siHca - alumina, silica - awoma or 
20 alumina - zirconia c ontainmg mm 70 to SW/^ 
by weight of alica dierelqr convcrtmg said 
carixmyl annpotmds to compounds havmg 
lower boiling points, and distilling said com- 
pounds from the phenoL ^ ^ ^ - 
25 Otiier objects and embodmicnts of this m- 
vention wiD become apparent in die foDowmg 
detailed specification. 

In accordance with the P^^^^^^Sf^} 
water or steam is admixed with the fmeitot 
30 ftaction recovered from die cle avage r eaction 
mixture and die water-phenol mixture is con- 
tacted widi the catalytic compowtion at a 
taiq)erature of from 150 to 250f C The 
water-phenol mixture should ccmprise at leas t 
35 from 0.1 to 20 wt.% water, or steam corres- 
ponding to an equivalent amount wattt 
The phenol is preferably treated m the liquid 
phase aidiou^ some vapor phase phenol is 
usually present. The optimum contaa tnnc is, 
40 of course, determined in part by die 

lar temperature employed and m part by me 
catalytic compositiwi employed. A contact 
time equivalent to a liquid hourty spaa 
velodty of from 0.1 to 5.0, and prcfcra^ 
45 from 0.2 to 2.0, is suitable. A pressure m the 
range of from atmospheric to 17 aunospheres 
is usually employed although die exact pres- 
sure is not criticaL ^ 

The catalytic compositions tiseful m cnect- 
ing the process of this invention particularly 
include silica-alumina compositions. The 
silica-alumina compositions indude the ahinai- 
num silicate clays of die bcntonite type whidi 
have been activated by add treatincnt. How- 
55 ever, the synthetically prepared sito-alumina 
compositions comprising wd^ from 70% 
to 90%5 silica are preferred catalytic composi- 
tions. These compositions are readily prqwred 
by methods known to the art One sudi method 
60 comprises copredpitation or cogcDation of 
silica and ahunma from a omimcm solution. 
For example, aqueous solutions of sodium 
silicate (common water glass) and aluminum 
sul&te are mixed togpther and sufficient add, 
65 such as hydroddoric or sulfuric add, is added 



cetD to form a predpitatB or ^ Ai . 
xQcdiod conprises impregoatxQg a sihca ga 
widi a smtaMe ahsnimim con^onnd which is 
subsequentiy cmvertiblc to ahimina. Fot 
example, ahmiinum hydnnddc is precqmattd 
from an aqueous sdhition of a smtatac 
ahnninum salt, sudi as ahnnmnm soKate, m 
die presence of silica gd nnmtaed m Ae 
solution. The resulting composite » 
heated at elevated temperatoic andttc m- 
piegnated hydioxidc converted to ahmma by 
thermal deoanpositiaa Atefflattvely, die siM 
gd can be impregnated widi a deaanjosawe 
Slmmum sah whidi wiU f orm atammajn 
aibsequait heating. Ahnninum mtiatc is sm- 
able for diis purpose and can be mpr^gpated 
on die afica gd by immetang die gd m an 
aoueous solution of ahnninum nitrate.^ 

The composition of silica and ahmima pre-, 
pared by m^iods sudi as are set out abov^ IS 

^eraUy water-washed tof™^.3^ 
«lts dicrcftom and diereafter dnfid, usua^ 
« a of ton 950 C mJOOo C 

The composition is diereafter sabiected to cat- 
dnation at a tai^)cratnre of at least 475 ^ 
and «nerally at a temperature of at jga 
4750 Cto 8OO0 C A particularly 
temperature is m die range of from 600" C 
to 700*> C Calcination can bee^cted m any 
suitable atmosjAcrc. Usually calanation is 
effected in the presence of air or odicr oxidiz- 
ing media aldiongb calcination may al» be 
cfeatd in a icdudng atniosphere suct^ 
hvdroaen, or an inert aimosphae such as nitro- 



70 



75 



85 



90 



100 



Altfaou^ silica-ahanina is a preferred cata- 
lytic conation, certain odicr con^osmons 
oamety, silica - zirconia, and sifica- alumm- 
aromia aimaining from 70 to 90% by weii^it 

of silica exhibit desiraWe catalytic characteris- 
tics and may be utilizBd. v- 
Thc treatment of die phaid fraction widi 
water in contact widi, far aramplc, die sihca- 
ahnnina catalyst and separation of the 
boiwi compoimd conversion prw&cts ftom ti^ 

phenol, may be carried out in two ^^^^^ 

steps or m one and the same step. By the 

prottss herein described, die impurities ran- 

prising carixmyl campounds axe conv^ed to 

lower boiling conversion products readily dis^^ 

tillable from die phenol, or sqwi^ thw- 
from by means of a stripping g?s sudi as nrtr^ 

gai, or by a comUnatiim of bodi str^inng ml 
distillation. Other impurities ^ddch may be 
present are incidentally separated pursuant to 
die present process. Fot crampl^ m the 
separation of excess water ftom die phenol by 
disriilatiiMi mediods, m^yl-benzafnian, 
generally present in at least ™5^^*"?°JJf> ^ 
recovered as a portion of the steam distillate. 
Purification of crude phend by condensadon 
of die impurities conmined therem with me, 
requisite amount of the j^ol productliM 
previously been pn^josed. Thus, in 
Patent Spec^cation No. 855,677 dieie is des- 
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cribcd and r<aTmprf the process for the p 
cation of phenol denved from cnmcne and con- 
taiTiTng colonr-fonning impurities mcmflTn g 
^li pharir ^ > hydroxy carbon^ conqKnmds, 

5 which process oomprises subjecting the im- 
pure phend at an elevated temperatuie to 
mi<Ktiimg vrtdcfa win caose the substantially 
comply condcQsation of the aliphatic <r- 
hydn n^ caibtmyi compounds with phenol to 

10 fonn benzofuians, and separating the phenol 
substantially completely from the benzafurans. 
By the process dP the present invention the 
cazbonyl impinties are hydxdysed by die 
water added to the mixture prior to contact 

15 widi die catalyst. 

The following examples are presented to 
illnstrate the process of dds invention. 
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£XAMlFLBSl&n 

lalfy disdiled 
hydroperoxide 
reaction mixture, was analyzed by gas-hquid 
chnnnatogiaphy and found, to cantBin mesityi 
oxide. The pt^nol, comrTiingted with steam, 
was charged to a vertical tubular reactor con- 
taining 200 cubic centimfiters, or 120 grams, 
of 3.2 mm silica-alumina pdlets comprising 
88% weight silica and 12% ahrauna dis- 
posed in a fixed bed diciehL The reactor was 
m ^fti^tni^ at about atmospheric pressure and 
at a temperature of 190^ C, and the i^ienoi 
and steam rates were adjusted to give streams 
.containiag variable amounts of water. The 
reactor efiOuent was continuously withdrawn 
from the reactor and cooled. Analysis of feed 
and products, ^own below, indicate substan- 
tial conversion of mesityl oxide to acetone, 
which can be readily removed by distillation. 
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Charge rate, cc/hr. 

Water, wt% 

Feed Analysis^ wt% 
Acetone .0010 
Meshyl oxide .1940 

Frodua Anatysis, WL% 
Acetone .1467 
Mesityl oadde .0060 



n 

100 
5.0 

.0010 
.1940 

.1193 
.0041 



The reactor was mamtainfd at about 5 atmos- 
pheres and at a ten^peratnrc of 205^C Charp 
and product ana^^ses, shown below, again 
show substantial conversion of mesityl oxide to 
acetone^ and also, show formation of other 
miscellaneous compounds more volatile than 
phenoV which again axe removable fay distilla- 
tion. 
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Feed Analysis wt^ 

Acetone 
. Mesityl oxidp 

Miscellaneous 

Product Analysis 'wt% 
Acetone 
Mesit^ oxide 
Miscellaneous 
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Example m & IV 
A phenol fraction recovered distillation 
of a neutralized cnmeoe hydioperaxide 
deavagc reaction mixture and containing car- 
bonyl imparities principally mesityl oadde but 
also diaceione alcohol^ faydrcnty acetone and 
acetone trimer, was treated to convert complex 
carbonyl compounds to acetxxDc. The phenol 
fraction was combined widi about 10 wt% 
water. The phenol was then charged tiurough a 
steam heated line to a vertical tubular reactor 
at a liqpiid hourly space velocity of 0 J, the 
re a c to r containing 100 cubic centimeters of 
silica-alumina pellets con^irismg 76% by 
weight silica and 24*% alumina in a fixed bed. 



in 

.0036 
.1489 
.0915 

.1788 
i)063 
.1349 



IV 

.0036 
.1489 
.0915 

.1606 
.0067 
.1868 
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BSABiPLB V 

A ftoiol fraction rec o vered by distillation 
of a neotralized cumene hyr" '^^ 
cleavage reaction mixtme and 
tone polymers was oonvcxted tb'a pli 
dnct containing soiaraUe imp 
a i^^*^**^ ~ zuconia vftPiposiTivn 
weight about 90% silica as die catelyst 200 
culnc ^ni^impjtywi of catalyst in die fonn of 
32 mm qiheres was di^osed in a fixed bed- 
of a vertical tubular reactor. The {toted was 
charged to the reactor togfidier widi steam so 
as to form a water-phenol charge containing 
about 5 wf% water. The water-phenol was 
charged at a liquid hourly space velodty of 
approximately 1, the reactor being mainr- 
tained at a temperature of about 190^ C at 
a pressure of about 3.4 atmospheres. The re- 
actor efEhioit veas recovered and analyzed, as 
diown below. 

Feed Analysis, wt.% 

Acetone .01 

Mesityl oxide .16 

Miscellaneous . .14 

Frodnct Analysis, wt% 

AcTtnnr .18 

Mesitji oxide .01 

Miscellaneous .03 
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A less predse mediod of analysis was used 
in diis example. Again, however, conversion of 110 
meaitfl oxide to acetone is nearly complete. 

WHAT WE CLAIM IS:— 
1. A process for the purification of a phenol 
which has been prqmzed by the steps of par- 
tial oxidation a secondary alkyl annnatic 115 
hydrocarbon to form an alpha hydroperoxy 
derivative thereof, add-catalyzed cleavage of 
said derivative to form a [toiol and an 
a%hatic ketone, neutralization of the cleavage 
reaction mixtiire^ and separation from die 
neutralized reaction mixture of a firaction con- 
ig the phenol and in^^utities co mpri s mg 
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1 1 



the 



ipoundsy diaiacteiu»i 
don of said uDparittes 

cam^Kninds is separatee 

^ )1 fraction bf admiying HjO with die 

fraction) conracdng the resultant mrsture at 
a temperature of from 150 to 250® C witii 
particles 



least a 



isting 



^ ■ ■ ■ — — — ^ mmm 

of silica - alumina^ silica - zirconia^ or smca- 



alumina - ziramia, con Taming 



70 to 



90% by weight of silica thereby converting 

Shaving 



said carbonyl compounds to 
lower boiling points, and distilling said 
pounds from the phenoL 

2. Process as daimed in claim 1, chmac- 
tprizfd in that the phenol fracdon a dmixed 
with HjO is contacted with particles of a 
catalytic compositioa conasring of silica and 
alumina which amtains from 70 to 90% by 
wei^ of silica. 

3. Process as datmed in one of the daims 
1 and 2, characterized in that the phenol frac- 
tion to be puxified has been recov ere d from the 



titiii 



ii«iti 



the 



add 

by 



n mixture resulting 
deavagie of the hydropenndde 
the Qztdatiosi of onnffne. 

4. Frooess as Hgimgrf in one cl the daims 
1 to 3, characterized in that the pheaol faction 
to be purified is °f*™™^ widi fcom 0.1 to 
20 wt.% H,0. 

5. Process as datmed in one of the damis 
1 to 4y diaracterized in diat the miztme of 
H,0 and die f^ienol facdon to be purified 
is passed into ccntaa with the catalytic oamr 
position at a liquid hourly cpaoe vdodty of 
from 0.1 to 5.0. 

6. Process for the purification of a pi 
pi^ared from a secondary alkyl ar 
hydrocarbon, substantially as described. 

J. Y. & G. W. JOHNSON, 

Fumival House, 
14-18, High Holbom, 

L<mdon, W.Cl. 
Qiartered Patent Agents, 
Agents for the Applicants. 
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